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ABSTRACT

To determine lmpurity concentrations in solids using
mass spectrographs, ion-sensltlve emulsions are used. The
principal problem ir. obtaining quantitative results from a
mass spectrum recocrded on a photographic plate is deter-
mining the characteristic response curve. Calculations
required to detearmine the parameters in an empirical funec-
tion whlch accurately represents the response curve of
Ilford Q2 emulsions are programmed in FORTRAN language.
The program input data consists of the impurity-ion mass,
line density, and exposure; the impurity-icn concentration
and the detection llmit are calculated and printed as output.

PROBLEM STATUS
This is a final report cn the computer program for
determining intpurity concentratlons in solids.
AUTHORIZATION
NRL Problem P03-07A

Project ARPA Order Number 41§

Manuscript submitted October 4, 1967,
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A COMPUTER PROGRAM FOR THE QUANTITATIVE INTERPRETATION
OF MASS SPECTROGRAPHIC PHOTOPLATES

INTRODUCTION

Solid-state mass spectrographs normeélly use ion-sensitive photographic plates as
the ou'put detector, due to the wide variation in ion intensity of the rf vacuum spark
source. In addition, the photoplate is an excelient ion integrator and has the ability to
detect and to record a wide range of masses simultaneoustiy.

There are two principal procedures used for the analytical interpretatien of photo-
yraphic plates: (a) visuai inspection (1), where an experienced analyst visually compares
iine densities and calculates concentrations from relative exposures, and (b) the photo-
metric method (1-3), where a microdensitometer is used to determine line densities and
the data are proce ssed by manual calcuiatiuns. The first method produces semiquantita-
tive results; the latter method, by eliminating errors arising from visually matching
densities, line width, emuision background, etc., can produce quantitative resuits.

This report is .ot interded to argue in favor of one method over the other. Both
methods are useful. However, if the densitometric meiwhod is used, the manuali labor re-
quired to process the data is so great that the routine computation can be done best by a
digital computer.

The primary problem in obtaining a quantitative analysis of a mass spectrura re-
corded on a photopiate is deiermining the characteristic response curve of the emuision.
There are several "functionless™ methods (4) for obtaining the characteristic response
curve, but the method most widely associated with mass spectrography is the modifica-
tion by Duke (2), based on the "two-line technique' described by Churchiil (5) for use in
optical spectrography. The characteristic response curve may also be obtained by a
"functional" n:ethod. An empirical function given by Huli (6) accurately represents the
entire resgonse range of Ilford Q2 emuisions, thus permitting ail analyticai data to be
evalnated.

Both the functionless and the functional method have individual merit. The Churchili
two-1line method is appiicable only for elements possessing an appropriate isotopic dis-
tribution, and ii requir=s many pairs of measurements of two lines having a known inten-
sity ratio {such as isntopes whose abundance ratio fails within the requisite range). In
addition, only information from a single eiement is used to construct the characteristic
cu:ve, but Owens and Giardino (7) have demonstrated that emulsion response exhibits
ion-mass ’ependence, ion-energy dependence, and, possibly, chemicai dependence. How-
ever, Keunicott (8) has described a computer program using this method.

The functional method, in which the data are {itted to an empiricai curve, is easier
to program. Hov ever, it tonas to force the data into a nredetermined formula, and any
errors of the ion-beam integritor are not corrected. Woolston (9) has described a caom-
puter program wrilten in assen-bly-sysiem ianguage, using the functional method.

The program described below is modeied after Woolston's program, bul it is written
in FORTRAN IV, because NRL's TDC 3800 computer is more recentive to FORTRAN
language. Gereraily the mathematical functions and symbols of both Wooiston's program
and our program are the same; there are slight additions or deletions that suited our
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personal approach. However, the parameters calcuiated from the same data are essen-
tially the same.
MATHEMATICAL FCGRMULATION

The equation for tae photegraphic calibration curve given by Hull (6) rnay be ex-
pressed by

100 - T /R
Ko  E (_L) , (1)

TR AT - Tar

z, 1
where, for a sample component =,

Kk, is directly proporticnal to the compunent concentration in the totai icn heam
striking the plate and to the photoplate sensitivity,

a, is the abundance of izotope : of the sample component,
£, is the exposure, indicated by the bram-monitor integrator, in nanocoulombs,

T, is the percent line transmission (corrocted for background) of the spectral
line 7,

Ts4r is the percent transmission of the spectral line ¢ for an infinite (sacuration)
expusure, and

R is proportionai to the maximum siope of the photographic response curve.

The corrected line transmission 7, in Eq. (1) is given by

R

[(mo—rw )1 ® (mo-TB )"’”
100 Toar N7, T4y R
T, = : )

. R
‘ [IIOO-TLB )l-” ( 100 - Ty )‘ "]
+ S = | m——
\‘LB_TSAT Tg=Tsar/

where T, is the measured line transmission and T, is the measv ‘d background trans-
mission, both in percent transmission.

The sensitivity of the emulsicon is proportional to #° ¢, where ¥ is the mass of the
fon. When this factor is iricluded the equation for calcuiating the impurity-ion concen-
tration ¢; in ppma is determined from Eq. (1) and becomes

105(MF,) %8S _K,C,
@ = — . @)
(MF.)0- 85 _K,

where ¥F is a factor proportionai o the mass in atomic mass units, ¢, is the fractional
concentration of the reference ion, and 5 is the reiative sensitivity coefficient (uniess

both S, and S, are known, they are taken to be unity).

Wkhen the lines bave finite width the concentr:ions are corrected by a factor equal
to the line width. Thus, Eq. (3; must be muitiptied 0y -, , « where » is the width of

r,J?
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i the llne as determined at the points of half-maximum on the intenslty profile. When the
background is consldered, these polnts correspond to the transmlsslon

R

I‘R z

VR, 1/R,
100 + T [l(loo—rw\ *1/100‘%) ]
SAT |2 \T 5~ Tsar/ 2 \Tg- T,y @)
TLw = R )
) 1/R, 1/R, "z
* - e et e - ———————

NUMERICAL CALCULATIONS

When only one data polnt is avallable, &, is taken to be 1. For two data polnts
(1 and 2) &, 1s determlned from the relatlonshlp

; log [( 00-T1,, )(TLz‘TSAr)]
Tpy=Tsar/ \100-T,, (5)
R, = 5 .
lo (al l)
¢ 2, k,
whlch may be derived from Eq. {1). Only three data poiats are allowed In the progr xm.
When three polnts are used, an average value of R, (equal to the root-mean-square of %,

£ obtained from the calculatlon for the three comblnatlons of pairs of data polnts) 1s calcu-
lated and is deslgnated as &,,. If g, is elther greater than 1.25 or less than 1, R, is set
l equal to 1.0. Upon substituting R,, into Eq. (1). numerical values of k, are calculated

for each data point, and the root mean square of this result, denoted by 4,,., is substi-
tuted into Eq. (3) to determlne the ion concentratlon.

Numerical values of i, are calculated from Eq. (4) for each data point; an average
value of the correction for line wldth can be determined by the densitometrlc measure-
ments, ard the factor v, ; ‘v, ; can be applied to Eq. (3).

f,t

T

The detectlon 1lmit 1s determined by using #,, to calculate £, for the maximum
component exposure, setting 7, = 100% and T, = 98% in Eq. (1) and substituting these

i values of &, in Eq. (3).

§ GENERAL DESCRIPTION OF THE PROGRAM

t Expresslons are programmed for the calculatlons descrlbed in the previous section
for experimental data read in from punched cards. Tables of isotope abundances and
ldentlfications are punched on IBM cards and are read in preceding the experimental

! data cards. If an incorrect isotope identification is made cn the corresponding data card,

§ NO ISOTOPE LISTED is printed, and the calculation for that isotope is bypassed. Other
errors are determined by the system err °r identifiers. Formats of the experimental
data cards are given in Table 1.

E The input data are punched on cards. A table of isotope abundances is read in with

E the measured data. Table 2 gives a definition of the symbols used in the program.

Cards 3 through 4+ (N - 1) are Included, in order, for each isotope. Three cards
(identifled as 23-1, 23-2, and 23-3) may be inserted into the prosram between cards 23
and 24. The data are then puached in as optical density.
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Table 1
Input Data Format
Data Card
Number Format Symbols
1 (55H ) Run Identification
2 {1x, 14, 10x, E11.4, 2x, F10.4) NO RUNS, REF CONC, EIN ¥
3 (1x, F4.1, 9x, F1.2, 10x, 12, CHG, ATWT, N, Q, S*
10x, A8, Al, 7x, F5.2)
4 (A8 1x, F8.4, 2 (2x, F8.4), ID, TLB, TB, TSAT, EI
through 3%, E10.3)
4+(N-1)

*The sequence of cards 3 through 4 +(N - 1) is repeated a number of times equal to the
number of runs.

Table 2
Definition of Symbols
Card Symbol Definition
Number
2 NO RUNS The number of isotcpes processed
2 Ref Conc The concentration of the reference isotupe
2 EIMAX The maximum photoplat- exposure in
nanocoulombs
3 CdG The isotopic charge
3 ATWT The average atomic weight of the element
3 N The nuraber of data points used for the
isotope processed
3 Q The comments
3 S (Defined in text)
4 ID The atomic symbol and mass number
4 TLB, TB, TSAT, EI (Defined in text)

The first 1-2 characters in the A8 specification of ID refers to the atomic symbol,
and tue last 1-3 characters correspond to the atomic mass.
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Appendix A
PROGRAM LINTING

PROGRAM SPECTRA

1
DIMENSION TLB(3)eTBU3)oTSATI3) - TLWI3)eTLIA)sR(3D oKX 9ID2(3)s 2 _
CID(3)sALUI2BT) o IDENI287) sMASSI28T7)9MI(3)9ET(3)4A1(3)9Q(2) 3
TYPE REAL MFACTORWKAVyKXsMIsKDLKAVR B 4
FORMAT(7F1le5) 5
FORMAT (9A8) . Y - S
FORMAT(1914) 7
FORMAT(2(016)) . - 3
RFAD2D1+AB 9
READ2C 24 1DEN _L 10
READ2:03+4MASS 11
READ2Q4 ¢MSK 1 aMSKZE T —— 12
LINES=4T 13
READ 2.6 14
PRINT 205 15
PRINT 2C§ 16
CALL HEADINC A 17
RFAD30 sNO RUNSWREF CONCOEIMAX . — JUUU S ¥ .
DO 26 1=1,N0 RPUNS 19
READ 31+CHGyAT WT4NsQyS o - _20
MFALTCR={AT WT/(30e0#CHG))%%C 46 21
DO &4 J=1sN : 22
READ 322100 sTLBUJ) o TOLJ)oTSAT(J)LEILD) 23
TLB(J)=1Cea*(~TLBIJ))*10UCoyV . oo 23-1
TBUJ)z1uaOR%(=TB(J) #1000 23-2
TSAT(J) =210 C#R{-TSAT(J))I*#1000 . . _ 23-3
ID2(J)=MSK24 ANV IDIL W) 264
L=0 : ; _ ) 25
L=L+] 26
IF(LeGT 428713342 R _ R R
IF(ID(JI)eEWsIDEN(L) )24 1 28
Al{J)=ABIL)Z100,0 29
MI(JIZMASS(L) 30
CALL CALC TULITLRIJI oTBUJ)»TSATIU)»TLIUY} 31
CONTINUE 32
ID]=M5K 1 g ANDQ IL - e — 33
IF(NeEUe13596 36
R=1.U _ _ — 35__.
R(Z)=1.0 36
RAV=1,C . _ B — . .31
CALL CALC K(RsTLoTSAT,EIsAIsKX) 38
CALL CALC TLWIR TLByTEsTSATHTLW) 39
KAV=MFACTQR#KX 40
GO TO 11 - e _ 41
IF{NeEQa2)T»9 42
CALL CALC RUTLoTLI2)sAI*ETSAT(2)%ET(2)9TSATHTSAT(2)sR) 43
Rt(2)=R 44
RAV=R _ —_— —— b5
DO 8 M=1,2 45
CALL CALC K{RpTLIM) pTSATIMISETIM) AT (M) KX (M)) 417
CALL CALC TLWIRsTLLIM) oTBIM)IoTSATIM) s TLWIM)) 48
KAVz SORTF(KX#KX(2))*MFACTOR o 49 _
GO TO 11 50
DO 10 M=2,2 —_— 5]
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10 CALL CALC R{TLsTL(M) oAIRCI4AI(NI®EL(M) 9 TSAT TSATIM) yR(M=-1)) 52
_ _CALL CALC RITL(2)2TLI3)2AI(I*ET(2)9ALL3)*FI(3)yTSAT(2)sTSAT(3)y 53
CR(3)) 54
EX21eQ/340 . 55
RAV=(RAR(21%#R(3) ' #*EX 56
_DQ10l M=1+3 R LY
CALL CALC K{RAVsTLI(M) o ISATIM. +EI(MISATIIM) oKX (M)) 58
1el CALL CALC TLWIRAVTLEIM) 9 TUIM) o TSATIM)pTLAIM)) B 1
KAV=(KX*#KX(2)#KX({3) ) »*EX*MFACTOUR 60
11 IF(]leEQel)12913 61
12 C1=RFF CONC &2
- S8R=5 ___ — B W
KAVR=KAV 64
_ GQ TO_131. e _ —_— e . A5
13 1= SR*KAV/(S*KAVR)#* REF CONL 56
131 _1F(N.EQel2laal5 R _ ISR -y
14 M=t 68
G0 70 20 69
15 N1=N=-] 70
DO 18 M=1sN1 - 71 -
IF(AI(M)oLToAT(M+1))16417 72
16 Ml=M+] 73
GO 10 18 74
17 Ml=Mm 15
18 CONTINUE 76
e JFE(NeEQe3)1942C - U & &
19 RX=RAV 78
. GO 10 21 - 79
20 RX=R 80
_21 CALL CALC K(RX+98e0sNeusEIMAXsAL (i41) oKDL ) 81
DET LIM=SR*KDL/(KAVR#S )% REF CuNC*¥ MFACTOR 82
__ PRINT 27,:D1+CIoDET LIMesQil)sQ(2)910201)TLBI1)»TB(I)TSATIL)y 83
CTLUL) o TLWUL) sRUT ) oKX U 1) o MFACTURSSHEL (] g4
IF(NeEQe1124923 85
23 DO 231 LN=2sN 86
PRINT 289 I1D2(iN)oTLBILMN) o TBILN) o TSAT(LMHY o TLILN) 9TLWILNYyRILN) o 87
CKK(LN)'E](LN) 88
231 CONTINUE o ~ 89
24 PRINT 29,RAVsKAV 90
_ LINESaLINES=N-3 9l
IF(LINESeLTo0125426 92
25 LINES=4T7 = 93
Pl NT 205 94
_PRINT_2ug. e 95
CALL HEADING 96
26 CONTINUE 97
GO 10 3% 98
33 PRINT 34 99
34 FORMAT(19H ISOTOPE NOT LISTED) 100
_IF(1eEQeNO R'NS)35436 D € ¢ ) {
27 FORMAT({3X 9A234XsE100342X9F8e “93X'A3'A192X9R3y5(2X9F5 1)'5X9F6 3, 102
COX9E10e392XoFbe392X9F50202X9EBW1) 103
28 FORMAT (43XsR345(2XsF5e1) 95X oF6e346XsE10e3917XsEBe1) 104
29 FORMAT (82X 94HRAV= 4Fhe3 92X s4HKAV=4E1Ca3y/ /) 105
2C5 FORMAT(1H1) 106
2u6 FORMAT (551 o _ e
3v FORMAT(1X914+10X9E1le&92XeF1Ced) 108
31 FORMAT(1XoFbel1s9XsFTe2s1CX912910X9sABsA1»TXaF%562) 109
32 FOPMAT(ABs1XsFBat92(2XsFBakt) 93XsE1043) 110
36 IF(JeEQsN)26437 111
37 JE1=J+) — —_— = S — 112
DO 38" JE=sJEl oM 113
READ 32)lDiJE)’TLE(JtJJlﬁthJleAT(JE[!EIJJEL _ 114
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38 CONTINUC 115

60 7> .6 - wue.—

35 CNTINUE 117
END. _ [ . - S 118
SUBROUTIN’ HEADING 119
PRINT 1 ) — -

1 FORMAT(/1Xv6HSYMBOL.bYo3HPPM¢5Xo9HDET LIMIT(3X08HCOMMENTS' 121
___siﬁMA§§11X13HlLﬁ1h3ﬁlﬂibJ5?4&hl$“[LQXALH]LJQXJBHILHJBX;lﬂRA131;____121n_
CIHK 99X 9 2HMF 36X 2 1HS 98X 9 2HET /) 123

END _ - . - — 124
SUBROUTINE CALT K(R'TLvTSATvEIvAl'KX) 125
TYPE REAL. KX . R _ .. 126
IF(ReGTe14251192 127
_ 1 RX1=1a0/1a25 128
GO 70 5 ) 129
2 TF(RelLYoi Q)04 o —— _ 130
3 RX1z1.0 . 131
GO 190 5 _ - _ PR —— 132
4 RX1=1s4C/R 133
5 KX’((IMMAQ_ILLLIIL_ISAIJJ__RXLLLAI'EI1 — . 1346
ZND 135
SUBROQUTINE CAWC TLW(RaTLBsTOaTSATILWY . - -—136__
IF(ReGTele25)1192 127
1. RX<ie25 . ) — - : 138
RX121/1e25 139
_ 50703 I _ 140
2 Rx=2R 141
RX1=2 . 4C/R . : . 142
3 7531=((150eu=TLE)/(TLB-TSAT))#%RX1/240 143
T52=((1000=TB)/(TH=TSAT))%##RX1/20 _ L __lés
TS3=(TS1+4TSc) #eRX 145
_ TLW=(10CeO0+TSATRTS3 . (1404T52) 146
T END 147
__SUBROUTINE CALC TL(TLB+TBsTSATSTL) o 148
TS=(10Ce0~- TLE)/(TLB T5AT)-(160.0-TB)/(TB-TSAT) 149
_ TL=(105e0+TSATHTS)/(104TS) 159
END 151
SUBROUTINE CALC R(TL1sTL24AEL19AE2+TSAT]1,TSAT2,4R) 152
R=LOGF ((2100e0=TL))/Z(TL1=TSATL)#(TL2=-TSAT21/(100.0-TL2))/ 153
CLOGF (AE1/AE2Y 15«

END 155

oy
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